ABSTRACT This study estimated the genetic variance components of P utilization in Japanese quail. A parental generation was assembled from an unselected random-bred Japanese fattening quail line. Seven sires and 14 dams were randomly selected, and each sire was paired with 2 dams to produce full and half sibs. A total of 200 unsexed 1-d-old quail with known pedigree were wing-banded and raised during the first 4 d posthatch in groups in floor pens on wood shavings and fed a preexperimental diet that was adequate in all nutrients. Starting on d 5, quail were individually housed in metabolic compartments on P-free filter paper. This started a balance trial with 5 d of adaption and 5 d of total excreta collection. During this balance period, all quail were fed a low-P (3.9 g/kg of DM) corn-soybean meal-based diet with a Ca:P ratio of 1.6:1.0. Phosphorus and Ca utilization were determined individually using the difference in P or Ca intake and the total P or Ca excretion. The average P utilization was 72% and the average Ca utilization was 63%, each with very high variation. Heritabilities were estimated to be 0.09 (SE = 0.09) for P utilization and 0.09 (SE = 0.09) for Ca utilization. Heritabilities were close to the values reported in the literature for broilers and suggest that quail are suitable as a model animal. The SE of the heritability estimates were large. This implies that further studies with a larger sample size are needed to identify genetic and physiological mechanisms that influence P and Ca utilization in Japanese quail.
INTRODUCTION
Phosphorus is an essential mineral for all avian species. It plays important roles in energy metabolism, nucleic acid synthesis, enzyme activity, and most importantly, bone mineralization. Accordingly, birds depend on a continuous and adequate dietary supply of P. In plant-based diets, the total P content is relatively high, but most of the P in plant seeds is present as phytic acid and its salts (Eeckhout and De Paepe, 1994; Sebastian et al., 1996) . The release of phosphate from phytic acid for absorption in the digestive tract requires the enzyme phytase as well as other phosphatases. Very low endogenous phytase activity in the digestive tract of poultry causes phytic acid P to be only partially available. To fulfill the P requirement, poultry diets are commonly supplemented with mineral feed phosphates, either alone or in combination with exogenous phytase. The use of phosphates in agriculture, however, has become a matter of great concern because phosphates are produced mainly from rock phosphates, which are limited on the global scale, and this poses a major challenge for sustainable food production (Abelson, 1999; Rodehutscord, 2008; Cordell et al., 2009 ).
There are several approaches to making the use of P sources in poultry more efficient. One approach is to improve the characterization of feed raw materials based on standardized determination of available P (WPSA, 2013) and use this information to better model the birds' requirement for available P. A second approach is to consider genetic variance in P utilization. Some studies show high phenotypic variation between individuals in P utilization (Nelson, 1967; Edwards, 1983; zhang et al., 1998; Punna and Roland, 1999; Shastak et al., 2012) . Recent studies have estimated heritabilities of P and Ca utilization in broilers (zhang et al., 2003 Ankra-Badu et al., 2010; de Verdal et al., 2011) .
The Japanese quail (Coturnix japonica) is important for meat and egg production in some parts of the world. In addition it is becoming an important model animal in poultry studies (Minvielle, 2004) . The advantages of using quail include smaller space requirements, a short generation interval, rapid growth, and good comparability with other poultry species (Shim and Vohra, 1984) . Quail have been used successfully in P utilization studies (Rodehutscord and Dieckmann, 2005; Alfoteih and Bessei, 2008; Alfoteih et al., 2009; Vali and Jalali, 2011; Sharifi et al., 2012) . However, the genetic background of P utilization in quail has never been investigated. This type of study is needed to determine whether quail can be used as a model species in genetic studies on P utilization of poultry.
Our objective was to assemble a pedigreed base population of an unselected random-bred Japanese quail line and to estimate the basic genetic variance components and the heritability of P and Ca utilization.
MATERIALS AND METHODS
Measurement of total P and Ca intake and excretion is an established technique for determining their utilization in individual birds (Shastak and Rodehutscord, 2013) . If these elements are supplied in excess, the bird must increase their excretion and the determined utilization value will be lower. Excretion of the excess may mask the ability of the bird to use the element. For this reason, experiments must be conducted using a P supply level that is less than required (WPSA, 2013) . The present study used a P supply that was less than required to allow the bird express its genetic potential. This study was approved by the animal welfare commissioner of the university and was conducted in accordance with animal welfare regulations.
Experimental Diets
Two diets were used in the preexperimental and experimental periods (Table 1 ). The calculations were based on the nutritional recommendations for young turkeys (Gesellschaft für Ernährungsphysiologie, 2004) , with the exception of P and Ca concentration. The diet composition was similar to that of the diet used previously in P digestibility studies with Japanese quail (Dänner and Bessei, 2002) . The dietary P content was low to let the quail express their potential for P utilization. The main feed ingredients were wheat, corn, and soybean meal in the preexperimental period, and corn, soybean meal, and potato protein in the experimental period. This combination of ingredients for the experimental diet was chosen to ensure a low P content and a low intrinsic phytase concentration. The diets did not include phosphate or a phytase supplement. Calcium was supplemented to ensure a Ca:P ratio in the experimental diet of 1.6:1.0. The diets were pelleted through a 2-mm die without using steam. The pellets of the preexperimental diet were broken again to reduce feed particle size for the birds in their first days of life. The diets were prepared in the certified feedmill facilities at the university's experimental station. Representative samples of the diets were subjected to chemical analysis before the start of the bird trial. Chemical analysis confirmed that the intended concentrations were achieved (Table 1) .
Birds and Experimental Procedures
Seven sires and 14 dams of a fattening Japanese quail (Coturnix japonica) line were used as the parental generation. Each sire was mated randomly with 2 dams to produce an offspring generation of full and half sibs. Eggs were allocated to their hen using individual eggshell coloring. The parental generation was offered commercial feed for laying hens in mash form and water for ad libitum consumption. The ambient temperature was 20°C. Day length was 14 h in the egg collection period. The eggs were collected over a 3-wk period and stored in a dark room at 15°C room temperature and 60% humidity. They were individually identified and positioned in special trays with the blunt end at the top. Eggs were incubated for 18 d in a commercial egg incubator at 37.8°C on d 1 to 15 and at 37.5°C on d 16 to 18. The hatchlings were individually wing-banded when they were taken out of the incubator 1 d after hatching. This is also denoted as the first day of life of a quail in this study. At least 28 offspring per sire (half sibs) and 14 offspring per dam (full sibs) were chosen to generate an offspring generation of 200 quail for the study. Sex of the experimental birds was determined when they were 21 d old. Until they were 4 d old, the quail were raised in groups in floor pens on wood shavings and were offered the preexperimental diet and tap water for ad libitum consumption. The room temperature was adjusted to 35°C with infrared lights and gradually reduced to 30°C on d 5, and then further reduced to 25°C between d 5 and 15. Continuous illumination was applied by infrared lights.
When the quail were 5 d old, they were housed individually in specifically constructed metabolic boxes with 450 cm 2 of floor space (12 cm wide × 38 cm deep × 30 cm high). They were housed in these boxes for the 5-d adaptation period and for the subsequent 5-d collection period. Acrylic glass was used to partition the boxes to allow the birds to have visual contact with each other. The feeding trough was constructed to minimize feed spillage and to measure individual feed intake. The floor of each box was covered with corrugated cardboard during the adaptation period and with P-free filter paper (Rotilabo blotting paper, Carl Roth GmbH, Karlsruhe, Germany) during the excreta collection period. At the end of the experiment, the filter paper together with the excreta was carefully removed from the boxes, the spilled feed, feathers, and dander were removed, and then the paper was dried and stored until analysis. Despite the precautions, feed spillage of some individuals was too high for accurate recording of the feed intake. This was noted and considered in the statistical model, as detailed later. The experimental diet was offered for ad libitum consumption starting with the placement of the birds in the boxes. Drinking water was freely available from cup drinkers.
Measurements
The quail were weighed individually at the beginning and end of the excreta collection period on d 10 and 15 and BW gain (BWG) was calculated. Feed consumption (FC) was measured in the same period and the feed conversion ratio (FCR) was calculated. Utilization was determined for each individual by calculating the difference between the total intake of feed and total excretion during the 5-d collection period. The following equation was used: y (%) = 100 -100 × [(P Excreta )/(P Diet × FC)], where P Excreta = the analyzed amount of P in the collected excreta (mg), P Diet = the analyzed concentration of P in the diet (mg/g), and FC = individual feed consumption in the collection period (g). Calcium utilization was calculated accordingly using the analyzed Ca concentrations.
Chemical Analyses
Feed samples were analyzed for CP (method 4.4.4), crude fiber (method 6.1.1), and crude ash (method 8.1) using official standards (VDLUFA, 2006) . Diet samples and the dried excreta including the filter paper were weighed and ashed in a muffle furnace (550°C). The ash was solubilized in 16% HCl and diluted using doubledistilled water. The sample was boiled for 5 min and diluted to a defined concentration with double-distilled water (method 10.6.1; VDLUFA, 2006). The concentrations of P and Ca in the solutions were measured using an inductively coupled plasma optical emission spectrometer (Vista Pro, Varian Inc., Belrose, Australia) as described by Shastak et al. (2012) .
Statistical Analyses
The data were checked for outliers before statistical analysis. Individuals showing greater than 3-fold divergence of the SD in at least 1 observed trait (15 birds) were excluded from statistical analysis. The experimental unit for the statistical analysis was the individual bird. The significance of sex on the observed traits was tested with the SAS statistics program (SAS Institute Inc., Cary, NC) using the Mixed procedure. Differences were considered statistically significant for P ≤ 0.05. The model was y i = μ + sex i + fs i + sire i + e i , where y i is the observation for a trait, μ is the overall mean, sex i and fs i denote the fixed effects of sex and of feed spilling for individual i, sire denotes the random sire effect, and e is a random residual.
The variance component estimation was performed with an animal model using ASReml (Gilmour et al., 2002) . The model was y i = μ + fs i + a i + e i , where a i denotes the random effect of the animal. The covariance structure of the animal effect was var(a) = A•σ 2 a , where A is the numerator relationship matrix and σ 2 a is the additive genetic variance. The remaining terms are defined as above. The effect of the sex was not included because it was not significant. Using data from 185 individuals, univariate analysis was conducted for the following traits: P utilization, Ca utilization, FCR, FC, BW, and BWG. Bivariate analyses were not conducted due to the small sample size. Instead, Pearson correlation coefficients were estimated using the records of the observed traits.
RESULTS AND DISCUSSION
The mean P utilization was 72%, and the mean Ca utilization was 63% (Table 2) . These values were rather high considering that the feed did not contain phosphate or exogenous phytase. However, high values of P utilization with this type of diet or similar diets were also found in other studies of broilers, turkeys, ducks, and quail (Punna and Roland, 1999; Li et al., 2000; Rodehutscord and Dieckmann, 2005; Yan et al., 2005) .
In addition to diet composition, P and Ca utilization can be affected by the age of the birds. For a given concentration of P in the diet, P utilization decreases with the age of the bird because of changes in the rate of skeletal growth and because of increased P intake through increased FC. The present study used quail younger than 3 wk old as recommended in previous studies (Rodehutscord and Dieckmann, 2005; Alfoteih and Bessei, 2008; Alfoteih et al., 2009 ) to maintain a P supply level below the requirement. We assume that the combination of low P concentration and young age challenged the birds to express their full potential to use P via maximum absorption and minimal endogenous gut loss. The chosen Ca:P ratio in the diet ensured that the Ca supply did not limit P accretion and at the same time avoided excess.
There was high variation in both the P and Ca utilization of individual birds (Table 2) . Phosphorus utilization ranged from 53 to 84%, and Ca utilization from 41 to 81%. High variation in P utilization was also observed in other poultry studies (Nelson, 1967; Edwards, 1983; zhang et al., 1998; Punna and Roland, 1999; Ankra-Badu et al., 2010) .
In the present study, the sex of the birds showed no significant effect on the observed traits (Table 2) . Sexual dimorphism in BW, which is typical for older quail, was not expressed before maturity, and thus, may not affect P utilization measured early in life. Phosphorus utilization was high and correlated with Ca utilization as a result of similarities in the digestibility of these elements (Table 3 ). Correlations of P and Ca utilization were low with the other observed traits. However, P utilization was positively correlated with FC, which is another indication of a suboptimal level of P supply.
The heritability was 0.09 for P utilization (Table  4 ). The SE were high because of the low number of tested individuals. The first published heritability estimates for phytate P bioavailability in broilers was 0.09 (zhang et al., 2003) , which was later confirmed by the same authors (zhang et al., 2005) and agrees with the results of the present study. More recently, de Verdal et al. (2011) reported a heritability estimate of 0.22 for the P excretion of broilers using lines divergently selected for feed efficiency. The heritability estimate of Ca utilization in the present study was the same as for P utilization. Ankra-Badu et al. (2010) estimated the heritability for Ca bioavailability to be 0.13 for the same broiler population used by zhang et al. (2003) . Moreover, zhang et al. (2005) showed that it is possible to select for phytate P bioavailability.
This study and earlier studies found high variations in P and Ca utilization between individual animals under the same experimental conditions as well as additive genetic variation. The underlying physiological mechanism(s) that are responsible for these differences are unknown. The possible explanations are as following:
1. There might be differences between individuals in the composition of the microflora of the gastrointestinal tract. Phytase-producing bacteria have been found in the gastrointestinal tract of chickens (Kerr et al., 2000; Hosseinkhani et al., 2009) . Variations in the abundance and activity of these bacteria could lead to differences in the extent of phytate hydrolysis and subsequently P utilization by the host animal. 2. Previous studies showed that endogenous phytase is produced in the small intestine brush border membrane vesicles of broilers and laying hens (Maenz and Classen, 1998) . There may be individual differences in the capacity to produce this endogenous phytase or in phytase activity. 3. Phosphate is transported across the brush border membrane by the sodium-dependent phosphate transporter NaPi II (Huber et al., 2006; Yan et al., 2007) . Differences in expression and capacity of this transporter especially at suboptimal level of dietary P supply may cause variation in P absorption and in consequence P utilization between individuals.
Further studies are needed to identify the genetic and physiological mechanisms that influence individual P utilization. The present results were similar to results obtained in broilers. This suggests that Japanese quail is a suitable model animal for studies on the genetic background of P utilization. Sequencing the Japanese quail genome will allow the use of new technologies and methods to better understand P utilization (KawaharaMiki et al., 2013) . 
